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1 Introduction

RAN#80 approved a new study item on NR V2X, following on from the Rel-14 and Rel-15 LTE V2X study and work items [1]. Part of this is to study how to support unicast, groupcast, and broadcast over sidelink in NR, corresponding to the requirements set by SA1 in TR 22.886 [2] and TS 22.186 [3]:

1: Sidelink design [RAN1, RAN2]:
· Identify technical solutions for a NR sidelink design to meet the requirements of advanced V2X services, including 

· Study the support of sidelink unicast, sidelink groupcast and sidelink broadcast
· Study NR sidelink physical layer structures and procedure(s)

· Study sidelink synchronization mechanism

· Study sidelink resource allocation mechanism (also including objective 3)
· Study sidelink L2/L3 protocols

NOTE: Only the performance of advanced V2X use cases will be evaluated in the design of NR sidelink.
SA1 has identified requirements for unicast, groupcast and broadcast services over NR sidelink in terms of transmission reliability, data rate, etc. This paper will first review the advanced use cases from a service perspective, and then analyze how they can be supported in RAN by NR V2X. 

2 Advanced NR V2X services and requirements for unicast, groupcast and broadcast transmissions

SA1 [2] has identified 25 use cases for advanced V2X services, categorized into four groups of use cases: vehicle platooning, extended sensors, advanced driving, and remote driving. Table 1 shows the use cases that require unicast, groupcast and broadcast communications based on the new V2X use case description. It is seen that all unicast, groupcast and broadcast services need to be supported in NR V2X. 
Table 1 Use cases of unicast, groupcast and broadcast transmissions

	Transmission type
	Use cases (section numbers from TR 22.886)

	Unicast
	5.1  5.2  5.3  5.5  5.6  5.7  5.8  5.9  5.10  5.11  5.12  5.13  5.14  5.15  5.16  5.17  5.18  5.19  5.22  5.23  5.24

	Groupcast
	5.1  5.2  5.3  5.5  5.7  5.8  5.9  5.12  5.13  5.15  5.17  5.19  5.23

	Broadcast
	5.1  5.7  5.8  5.10  5.11  5.12  5.13  5.14  5.15  5.19  5.20  5.22


2.1 Unicast V2X services

At least four typical unicast V2X transmission cases are identified. 
· Vehicle platooning, [5.1, 5.2, 5.12, 5.13, 5.19], sensor and state map sharing [5.3], short distance grouping [5.5], changing driving-mode [5.17], cooperative collision avoidance [5.9] and cooperative lane change [5.23] are all related to group communications. Group join, update and leave procedures are based on unicast communication. Also there will be communications between group members, for instance, the lead vehicle may request a platoon member vehicle next to it to be a leader. Information can also be exchanged within a platoon, e.g. a platoon member can update surrounding traffic data to the platoon lead. 
· In automated driving [5.10, 5.11], intersection safety information provision for urban driving [5.22], and software update [5.24] use cases, an RSU is intensively involved and assisting in information sharing between UEs. The platoon lead can receive RSU messages about the road conditions and traffic information far away from the platoon.

· Collective perception of environment [5.6], video data sharing [5.16] are for high data rate transmission between two UEs in short communication range. For the video data sharing usage scenario, when the visual range of the driver is obstructed in some road traffic situations, for instance by trucks driving in front, video data sent from one vehicle to the other can support drivers in safety-critical situations. 

· Tethering via vehicle [5.18] uses the vehicle to do relay to the occupant and ride sharing [5.14] supports communication between the pedestrian and the vehicle.
All these kinds of communication can be done between the two nodes (vehicle or RSU or pedestrian) involved, without other nodes’ involvement. LTE-V does not support unicast. With LTE ProSe communication, unicast communication is possible by having the higher layers creating a group of two users. However, at the physical layer, only broadcast communication is supported. Given that many advanced V2X services require unicast transmission, the current LTE ProSe unicast mechanism is not flexible enough for NR, and unicast transmission needs to be supported by the physical layer.
2.2 Groupcast V2X services

Two typical use cases for groupcast V2X transmission are cooperative driving, and aspects of vehicle platooning that are complementary to the unicast use cases. 
· In cooperative driving [5.3, 5.5, 5.9, 5.17], a group of vehicles communicate to enable lane changing, merging, and passing between vehicles of the group in order to improve safety and fuel economy. These kinds of communication are among a group of vehicles in proximity for efficient use of the roadway, alleviating congestion, avoiding collision and reducing fuel consumption.
· In vehicle platooning [5.1, 5.2, 5.12, 5.13, 5.19], status information such as speed, heading, and intentions such as braking, acceleration, etc. are exchanged among platoon members for platoon management and distance maintenance between vehicles.
The hallmark of such use cases is that information is relevant to all of a group of vehicles located close to, and possibly associated with, one another.  
There may be multiple simultaneous group communications for a particular service. For instance, multiple platoons can exist on a highway simultaneously and each of them in general has different characteristics, e.g. platooning members, destinations, speeds, etc. There may be multiple groups of vehicles sharing cooperative driving information to multiple groups of interests. Each group has to be separated and the communication should be within each group without interfering each other. LTE-V does not support groupcast in the physical layer. Similar to unicast in LTE ProSe communication, current groupcast over sidelink is supported by higher layer. Given the variety of V2X services and the multiple, potentially large number of simultaneous group communications necessary to support these services, a physical layer groupcast procedure needs to be supported in NR V2X.
[image: image1.emf] 

Platooning  group  1

Platooning  group  2


Figure 1 Multiple platooning groups
2.3 Broadcast V2X services

Broadcast communication is for information sharing among vehicles. In either conditional or full automated driving [5.10, 5.11, 5.20], platooning use cases [5.1, 5.12, 5.13, 5.19], each vehicle and/or RSU need to share its own perception data obtained from its local sensors (e.g., camera, LIDAR, radar, etc.) with vehicles in proximity to build collective situational awareness to avoid accidents. At intersections where traffic accidents happen more frequently, the safety information involves a precise digital map, traffic signal information, motion status of pedestrians and vehicles, and location information, generally expressed as LDMs (Local Dynamic Maps). LDM information will be broadcast to vehicles through RSUs periodically to improve road safety and traffic efficiency [5.22]. In ride sharing [5.14], vehicle broadcasts a message to indicate intention to find a passenger to share the ride, and destination, etc.
In summary, the use cases and requirements specified by SA1 mean that unicast, groupcast, and broadcast sidelink will support different use cases of advanced NR V2X services. Three main tasks can be identified to effectively and efficiently support unicast, groupcast, and broadcast in NR V2X: 

Multiple service coexistence of unicast, groupcast and broadcast.  Different types of V2X services can be executed concurrently as shown in Table 1. Furthermore, a vehicle can be involved in multiple services simultaneously. For instance, in vehicle platooning scenario, the platoon lead needs to support unicast communication to RSU or other platoon members and at the same time support groupcasting the status information for platoon management. Since the exchange of contents by unicast, groupcast and broadcast communications can occur at any time, simultaneous unicast, groupcast and broadcast communications for one vehicle need to be supported.
Transmission reliability needs to be improved for unicast, groupcast and broadcast communications. No physical layer reliability metric has been provisioned over sidelink to date. For NR V2X, TS 22.186 specifies several such requirements for advanced V2X services. For instance, for higher degree of automation in vehicle platooning, advanced driving, and extended sensors use cases, the reliability requirement is up to 99.99% or even 99.999%. LTE V2X supports repetition transmission to improve the reliability to some extent. However, whether transmission repetition can achieve 99.999% reliability in NR V2X needs further examination. Particularly for unicast and groupcast, some other physical layer schemes may need to be taken into consideration as they differ from the broadcast transmission with prior information of the correspondents. 

High throughput needs to be provided for unicast, groupcast, and broadcast communications. In TS 22.186, for sensor information sharing and video sharing scenarios, the data rate is as high as 1 Gbps and 700 Mbps for high degree of automation operation. Also in LTE V2X, the MCS decision is left for UE implementation without knowledge of link status information. For unicast and groupcast communications in NR, efficiency improvements are needed especially when the receivers are located near to the transmitter.

Proposal 1: To support unicast, groupcast, and broadcast communications over sidelink for NR V2X, RAN1 studies at least the following:
· How to support multiple service coexistence in NR V2X, including simultaneous transmission types for one vehicle, and more than one group with the same groupcast service. 
· How to support unicast and groupcast transmissions at the physical layer.
· How to support higher reliability, including repetition, re-transmission, and other schemes.

· Efficient support of high throughput.

3 General requirements for unicast, groupcast, and broadcast services in NR V2X
3.1  Multiple service coexistence of unicast, groupcast, and broadcast
For multiplexing of unicast, groupcast and broadcast services, both FDM and TDM approaches can be further analyzed. In case of FDM approach, scheduling these services could be in common and dedicated SL frequency resources [4], where the need for mapping these services to a certain SL frequency resource depends on the receiving UEs configuration. The support of TDM mostly depends on satisfying low latency requirement of unicast, groupcast and broadcast where a mini-slot like approach with either overlapping or puncturing an ongoing transmission needs to be carefully analyzed. Multiple antenna patterns could also be exploited to coexist these services, e.g. roof type antenna (i.e. omnidirectional) should be used for groupcast and broadcast type of services, while directive antenna (e.g. bumper antenna) can be used for unicast.

Proposal 2:  Different multiplexing approaches, including FDM, TDM, and multiple antenna patterns are studied in NR V2X to support coexistence of multiple services.
3.2 Reliability requirement for unicast, groupcast, and broadcast

For LTE V2X broadcast services, up to 2 repetitions can be used to improve reliability without considering communication condition variations. However, for different use scenarios, for instance, highway automated driving and urban intersection passing, the channel conditions, user density, etc. are totally different. The reliability requirements for different NR use cases are quite different. Details of transmission repetition need further study to adapt to different use cases.

For unicast and groupcast communications in NR V2X, higher reliability is required. Though higher layer retransmission, such as TCP and application layer retransmission, can achieve high reliability, the E2E transmission latency is too large for NR V2X services as specified in TS 22.186. Physical layer HARQ procedures achieve a compromise between transmission reliability and latency. HARQ support needs identities at lower layers than the LTE design offers so that it can take advantage of quick decoding attempts followed by re-transmission in the physical layer. Since there is no feedback transmission defined on sidelink for LTE V2X, support for ACK/NACK feedback needs to be introduced for NR V2X. As groupcast is a one-to-many communication, the sidelink feedback channel may not be able to reuse the Uu PUCCH design and new design principles need to be studied. The HARQ procedures from NR would be expected to be re-used to some extent, with necessary changes to suit sidelink and the reliability requirements set by SA1.

Since SL operates in half duplex, to avoid parallel transmissions initiated from group members in groupcast, the group information needs to be reported to the gNB for transmission coordination among group members. 
Proposal 3: RAN1 should study adaptive repetition transmission for broadcast, together with HARQ re-transmission procedures, feedback channels, etc. for unicast and groupcast sidelink services in NR V2X.
Proposal 4: Study Layer-1 identities for unicast and groupcast sidelink to support efficient transmission and re-transmission of messages.
Proposal 5: Study how to organize unicast, groupcast, and broadcast transmission subject to the half-duplex constraint. 

3.3 High data rate requirement for unicast and groupcast
For unicast and groupcast communications, the link status may be measured and used in scheduling and MCS determination for better link adaptation and resource utilization. The CSI information can be reported via a feedback control channel. Based on this information, appropriate MCS can be selected, including high order modulations which are hard to utilize without CSI feedback. More efficient MIMO schemes may be applied and NR features such as beamforming can also be considered for NR V2X design to meet the data rate requirements. 
Proposal 6: CSI measurement and reporting need to be studied to support link adaptation over SL for unicast and groupcast communications in NR V2X.
4 Conclusions
In the following, we highlight our key proposal related to unicast, groupcast and broadcast for advanced NR V2X service.

Proposal 1: To support unicast, groupcast, and broadcast communications over sidelink for NR V2X, RAN1 studies at least the following:

· How to support multiple service coexistence in NR V2X, including simultaneous transmission types for one vehicle, and more than one group with the same groupcast service. 
· How to support unicast and groupcast transmissions at the physical layer.
· How to support higher reliability, including repetition, re-transmission, and other schemes.

· Efficient support of high throughput.

Proposal 2:  Different multiplexing approaches, including FDM, TDM, and multiple antenna patterns are studied in NR V2X to support coexistence of multiple services.
Proposal 3: RAN1 should study adaptive repetition transmission for broadcast, together with HARQ re-transmission procedures, feedback channels, etc. for unicast and groupcast sidelink services in NR V2X.
Proposal 4: Study Layer-1 identities for unicast and groupcast sidelink to support efficient transmission and re-transmission of messages.

Proposal 5: Study how to organize unicast, groupcast, and broadcast transmission subject to the half-duplex constraint. 

Proposal 6: CSI measurement and reporting need to be studied to support link adaptation over SL for unicast and groupcast communications in NR V2X.
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